Several studies have indicated that depressive states may lead to hypokinesia with diminished metabolic rate and energy use. Hypokinesia associated with certain eating behaviors may lead to an unfavorable energy balance that can contribute to the emergence and prevalence of obesity among children and adults. The purpose of the present study was to examine the possibility of reducing depression inventory scores in female adolescents with third-degree obesity while testing the effectiveness of different exercise programs in reducing anxiety and depression scores. The sample consisted of 40 female subjects (mean age 16 ± 1.56 years) divided into 4 groups (aerobic training, anaerobic training, leisure activities, and control). Subjects had a body mass index of 95% or more in relation to the 50th percentile. The aerobic program consisted of three ergometric bicycle sessions per week over a 3-month period (12 weeks) and the activities were prescribed after determining the anaerobic ventilatory threshold (VO 2 threshold). Anaerobic training was based on the Wingate anaerobic power test. The leisure program consisted of a varied range of activities (games, exercises, etc.). A nutritionist interviewed the members of these two groups and the control group every week in order to adapt them to the nutritional guidelines proposed for the study. The study showed that all three programs (aerobic exercise, anaerobic exercise and leisure activities) were effective in reducing body mass. However, we found a significant reduction when analyzing the depression scores only for aerobic exercise (18.9 ± 9.33 to 10.6 ± 9.56 or 43.9%) but no significant alterations for anaerobic exercise (11.36 ± 5.23 to 9.63 ± 4.78 or 15.22%) and leisure (17.28 ± 7.55 to 15.07 ± 7.54 or 12.78%), thus indicating that in principle this type of activity could be included to improve emotional well-being of obese adolescent girls.
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Introduction
Depression is related to obesity in female adolescents but the same does not apply to male adolescents (1, 2) . In addition to genetic and constitutional predispositions, there are other factors that have been indicated to be causes of depression symptoms in adolescents. These include new experiences, stressful events and high levels of fear (3) (4) (5) .
Studies have pointed out that a state of depression may lead to hypokinesia, thus lowering metabolic rate and energy use (6, 7) . Hypokinesia associated with certain eating behaviors and habits may induce an unfavorable energy balance contributing to the emergence and prevalence of obesity in children and adults (6) .
Strauss and Pollack (8) have reported that obesity is the most frequent health problem faced by children and adolescents. Although there is a well-known correlation between obesity, low self-esteem and depression, social isolation is also common among overweight children and adolescents, although detailed descriptions are lacking.
Several studies have shown that physical activity or exercise may improve self-esteem and quality of life in the population in general (9, 10) . Release of ß-endorphin and dopamine during physical exercise produces a tranquilizing and analgesic effect. Regular exercise often leads to a relaxing post-effort effect and in general maintains a more stable state of psychosocial equilibrium in light of threats from the external environment (11) .
The purpose of the present study was to examine the possibility of reducing anxiety and depression inventory scores in female adolescents with third-degree obesity using different exercise programs.
Material and Methods

Methodology
The sample comprised 40 female adolescents aged 14-19 years (16 ± 1.56) divided into 4 groups: aerobic exercise, anaerobic exercise, leisure activities, and control. The selected volunteers had a body mass index (BMI) of 95% or more in relation to the 50th percentile (12) . The subjects included in the study did not present contraindications for physical exercise.
The study was conducted in accordance with the guidelines of the Declaration of Helsinki and was formally approved by the Ethics Committee of the Federal University of São Paulo -Paulista Medical School (No. 047/01). All patients and their families received information about the protocol. The patients and their parents gave informed written consent.
Evaluations were conducted over a period of 4 days (1st day: clinical evaluation; 2nd day: anthropometrics and bone density measurement; 3rd day: ergospirometric testing for aerobic variables; 4th day: the Wingate test 48 h after the 3rd day of evaluation).
Evaluations
Absorptiometric technique. The technique was used to evaluate body composition by dual X-ray absorptiometry (DEXA) (13) .
Ergospirometric test. To evaluate aerobic capacity, the following variables were determined: maximum oxygen consumption (VO 2peak ), anaerobic ventilatory threshold (VO 2threshold ), maximum heart rate (HR peak ), and anaerobic ventilatory threshold rate.
Wingate test. To evaluate anaerobic variables, the following parameters were determined: maximum or peak power test (PT peak , watts/kg), average power (PT average , watts/ kg), and fatigue index (%).
Beck Depression Inventory. There are 21 clinical symptoms of depression. Eleven of the 21 items refer to cognitive symptoms of depression, while the remaing 10 items cover affective, behavioral, somatic, and interpersonal aspects of depression. Each item consists of a series of four-statement scale to indicate increasing depressive symptomatology. The scores 5-9 indicate that these ups and downs are considered normal; 10-18, mild to moderate depression; 19-29, moderate to severe depression, and 30-63, severe depression. The scale was applied on the first day of evaluation and after the training period (14) .
Trait-State Anxiety Inventory. The scales were applied on the first day of evaluation and at the end of the training period. Each part contains 20 statements. Responses are on a scale from 1 to 4. Anxiety state refers to how individuals feel "at the moment" and anxiety trait to how they "generally feel". Each part varies from 20 to 80 points, and the scores indicate low (0-30), medium (31-49) or high (50 or more) levels of anxiety (15) .
Training
The physical fitness program comprised three ergonometric bicycle sessions per week over a 3-month period (12 weeks).
Aerobic training. Aerobic activities were prescribed by determining the anaerobic ventilatory threshold (VO 2threshold ) according to the American College of Sports Medicine (16) . Volunteers exercised for 40-min sessions during the first month. In the second month of activities, the sessions were extended to 50 min and in the third month to 60 min. The higher training overload was applied to the duration rather than to the intensity of the activity.
Anaerobic training. The anaerobic training prescription was based on data obtained in the initial evaluation (Wingate anaerobic power test) (17), using "interval training" methods (18) (19) (20) , at a frequency of three times a week, for a duration of 40 min in the first month, 50 min in the second month, and 60 min in the third month. The interval work took the form of ergometric cycle series with a load equivalent to 25 watts x 0.8% of the volunteer's weight, for 30 s, with an interval for active recovery (walking) of 3 min between series. In the first month, volunteers did 11 series on the ergometric bicycle at 80 RPM pedal speed. Training for the first month consisted of three 40-min sessions per week. In the second month, the work-out volume was increased to 14 series (anaerobic interval) per volunteer with a 10% increment over the initial load, with a total of 50 min of training time per day. During the third month, volunteers started to do 14 series of 45 s each, with the same load and the same recovery time as in the second month, with a total of 60 min of training per day.
Leisure
The adolescents practiced physical activities such as games and exercises, etc., in a weekly session lasting 60 min at a sports center. The aim of this activity was to encourage them to practice a new habit of physical activity not characterized as specific training.
Control group
This group was interviewed by the nutritionist every week for adaptation to the nutritional orientation proposed in the study and did not take part in leisure or training activities.
The Student t-test was used for the analysis of intra-group alterations of variables and two-way ANOVA was used to compare the effects of training in the different groups.
Results
The results are presented according to training and control groups, with physiological (Table 1) and psychological variables (Figure 1 ) reported as means ± SD for the pre-and post-training periods.
The aerobic, anaerobic, and leisure groups showed a significant reduction in body mass (weight; P = 0.02), BMI (P = 0.02) and total Ten subjects per group were studied. BMI = body mass index; VO 2peak = maximal oxygen uptake; HR peak = heart rate at maximal oxygen uptake; VO 2threshold = ventilatory threshold; HR threshold = heart rate at ventilatory threshold; DEXA = dual X-ray absorptiometry; fat mass = total fat mass; fat free = total fat-free mass; PT peak = peak power;
PT average = average power. *P < 0.05 compared to pre-test (Student t-test).
body fat mass (P = 0.04). The control group also had a significantly reduced fat mass index (P ≤ 0.04). The anaerobic group showed a significant increase in total fat-free mass. There were no significant differences between groups regarding these variables ( Table 1) . Analysis of the cardiorespiratory variables showed a significant increase in VO 2peak , P ≤ 0.006, oxygen consumption at the VO 2threshold , P ≤ 0.04, and anaerobic ventilatory threshold load, P ≤ 0.02, in the aerobic, anaerobic and leisure groups, but not in the control group, whose variables showed no significant alterations (Table 1) . Inter-group comparison showed no significant differences.
Pre-and post-treatment comparison of HR peak showed a significant difference only for the leisure group (P = 0.007) but not for any other group (Table 1) . No significant differences in the other variables studied (HR threshold , PT peak , PT average ) were detected in any group (Table 1) .
When analyzing the depression scores, we found a significant reduction only in the aerobic group (18.9 ± 9.33 to 10.6 ± 9.56 or 43.9%, P = 0.01) but no significant alterations in the anaerobic exercise (11.36 ± 5.23 to 9.63 ± 4.78 or 15.22%) and leisure (17.28 ± 7.55 to 15.07 ± 7.54 or 12.78%; Figure 1A ). The Trait-State indices showed no significant variations between pre-and post-exercise levels for the aerobic, anaerobic and leisure groups (P ≤ 0.51), and there was only a significant decrease in Trait Anxiety in the control group (P = 0.01; Figure  1B ).
Discussion
The reduction in anxiety index found in the control group when comparing pre-and post-study scores may be partly explained on the basis of data reported by Strauss and Pollack (8) . The fact that the subjects ob-tained professional attention to follow the nutritional guidelines proposed in the study is in itself a factor that reduces social isolation and improves the scores for emotional states among overweight children and adolescents. Reduced body mass (kg), BMI and total fat mass may have been due to alterations in eating behavior as part of the nutritional instructions proposed by the professional, in agreement with the data reported by Strauss and Pollack (8) and Schlicker et al. (6) . The fact that subjects continued to adhere to the eating habits proposed in the study may be partly explained by positive reinforcement since they were being given attention by the professional (reduced social isolation) and partly by the reduced BMI, since variations in the control group were higher (6%) than in the other groups, which may also explain their lower anxiety scores.
Although we cannot determine precisely the factor that first had an influence, one of the most likely scenarios is a chain reaction in which the attention given by the professional may have led to improvement in anxiety indexes, which in turn led to a less unfavorable eating behavior (6) and consequently to a BMI reduction. This acted as feedback into the process, favoring its sustainability. This line of thought agrees with Eisenberg et al. (2), who reported the importance of BMI in adolescents as a deficit reducing factor in their emotional well-being.
There is a broad agreement among authors as to which type of exercise should be prescribed. Research conducted by Altchiler and Motta (21), Raglin and Wilson (22) , Orwin (23) , and Morgan (24) concluded that aerobic exercise is more effective than anaerobic exercise in the treatment of anxiety disorder. Regarding depressive disorder, some investigators argue that aerobic exercise is also the most effective (25) (26) (27) but there is also research showing that both aerobic and anaerobic exercise may be effective (28, 29) .
The overall improvement in scores and indexes of BMI, VO 2peak , VO 2threshold , PT peak , PT average , total fat mass, and total fat-free mass for the aerobic training, anaerobic, and leisure groups may be explained by the activities proposed and dietary modifications suggested by the professional, in agreement with literature data (6, 7, 30) . This further highlights the importance of physical activity and exercise in preventing obesity and its repercussions on emotional states, such as depressive symptoms (6) . The fact that our own study found improvements in aspects related to depression in the aerobic exercise group alone may be due to the greater effectiveness of this type of activity in improving mood states. The effectiveness of this type of activity may be related to the time for the organism to respond, which may be shorter for this activity than for others. Perhaps longer training periods for the other types of activity (anaerobic and leisure) would produce a similar effect, and this could be an issue for further research. Note also that physical exercise may lead to a series of physiological and biochemical alterations involving release of neurotransmitters and activation of specific receptors that help reduce depression inventory scores, Figure 1 . Effect of exercise on Beck Depression Inventory (BDI) (A) and Trait-State Anxiety Inventory (TSAI) (B) scores of obese adolescent girls. Within-group pre-and posttreatment data were compared by the Student t-test and between-group data were compared by one-way ANOVA for repeated measures for 10 subjects per group. *P < 0.05 compared to pretreatment.
A B since some of these neurotransmitters contribute to the emergence or reduction of these disorders (31) . In agreement with this hypothesis, Struder and Weicker (32, 33) suggest a relationship between reduced body mass and lower fat percentages and lower plasma serotonin (5-HT) concentrations. These changes may be related to the biochemical alterations mentioned by Costil et al. (34) , whereby higher plasma concentrations of free fatty acids are observed after prolonged exercise due to lipolysis. Free fatty acids dislocate albumin from tryptophan and thus boost the concentrations of the free tryptophan (Trp-f) portion responsible for the synthesis of 5-HT. Combined with these alterations, the main competitors of Trp-f in crossing the blood brain barrier, the plasma concentrations of branched chain amino acids (BCAAs) are reduced due to the increase in their capacity and oxidation by exercised muscles. This plasma reduction of BCAAs induces an increase in the proportion of Trpf/BCAA, and transport of Trp-f to the central levels becomes more probable, thus raising 5-HT concentrations and helping reduce depression inventory scores, since 5-HT levels are directly related to the incidence of depression.
Martinsen (28) reported that several experiments have been conducted on depressed subjects with exercise as an intervening factor. All of these studies reached the same conclusion: aerobic or even anaerobic exercise is as effective as any other therapy in the rehabilitation of depressed patients as long as the severity of depression is average to moderate.
The literature, therefore, is unanimous in concluding that physical activity may be useful in the treatment of depression, not as the only method but rather as an option in dealing with this psychological disorder. However, we did not find research using aerobic exercise in the treatment of depression as a special strategy for obese adolescent girls.
On the basis of the data obtained in the present study, we conclude that aerobic, anaerobic and leisure programs, or a restricted diet program, were effective in decreasing BMI in female adolescents with severe obesity. Regarding the depression inventory scores, only the aerobic group demonstrated a significant reduction, thus indicating that this type of activity may produce much faster improvement.
These data suggest that the regular practice of physical exercise guided by physiological parameters obtained from cardiorespiratory and ergospirometric evaluation, and with training intensity and volume corresponding to the anaerobic ventilatory threshold I could be included in programs aiming to improve the physical and emotional well-being of obese adolescents aged 14-19 years.
